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(54) MOBILE COMMUNICATION SYSTEM 

(57) A mobile communication system, according to 
the pr^ent invention, is comprised of: a portatde tele- 
phone useak3le for automatically switching a ground 
communication system and a satellite communication 
system, in which in such a case that while the ground 
satellite system is not availak)le in a place where a satel- 
lite from the satellite communication system cannot 
observe, an radio interface of the ground satellite sys- 
tem is different of a radio interface such as modulat- 
ing/demodulating methods of the satellite 
communication system, a signal process operation is 
switched in such a manner that an RF signal is proc- 
essed by the ground communication system, and both 



of an IF signal and a baseband signal are prdcessed by 
the satellite communication system; and a relaying 
apparatus for performing a converting operation of the 
RF signal in the satellite communication system and the 
RF signal in the ground conminication system. Ihe 
ground communication system and the satellite commu- 
nication system can be automatically switched to be 
used without replacing the antenna/radio frequency 
units. Also, when the satellite communication system is 
utilized in an indoor area, the structure of the relaying 
apparatus can be sinrpltf led. 
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Description 

Technical Reid 

[0001] This invention is related to a ntobile conftmu- 5 
nication system equipped with a portable telephone 
usable In both a ground system and a satellite system, 
and a relaying apparatus of this portable telephone. 

BackffQww) Art w 

[0002] Referring now to drawings, a description will 
be made for a conventional mobile communication sys- 
tem equipped with a portak)le tel^}hone and a relaying 
apparatus of this portable telephone. Fig. 6 is a btock is 
diagram for schematically showing, for instance, an 
anangement of the conventional portat)le telephone 
disclosed in Japanese Unexamined Patent Application 
No. 8-70262. 

[0003] In Fig. 6. reference numeral 1 shows a 20 
ground system antenna/radio frequency unit; reference 
numeral 2 represents an interface of the ground system 
antennayindio frequency unit 1; reference numeral 3 
indicates a satellite system antenna/radio frequency 
unit; reference numeral 4 denotes an interface of the 25 
satellite system/radio frequency unit 3; reference 
numeral 5 is a radio control unit; and reference numeral 
^ 6 shows an interface for connecting any one of the 
ground system antenna/radio frequency unit 1 or the 
satellite system antenna/radio frequency unit 3 with the so 
radio control unit 5. 

[0004] Fig. 7 is a block diagram for indicating a 
detailed arrangement of the ground system 
antenna/radio frequency unit and of the radio control 
unit of the conventional portable telephone as 
[0005] In Fig. 7, reference numeral 7 shows an 
antenna of a ground system, and reference numeral 8 
represents a radio frequency unit. Also, reference 
numeral 9 indicates a receiving IF circuit; reference 
numeral 10 is a denrtodulator for demodulating an output 4o 
signal of the receiving IF circuit 9; reference numeral 1 1 
shows a baseband processing unit for processing an 
output signal of the demodulator 10; reference numeral 
12 indicates a modulator for modulating a signal derived 
from the baseband processing unit 1 1 ; and reference 4S 
numeral 1 3 shows a transmitting IF circuit for converting 
an output signal of the modulator 12 into a transmitting 
IF signal. Furthermore, reference numeral 14 shows a 
keytx>ard connected to the baseband processing unit 
1 1 ; reference numeral 1 5 indicates a display unit for dis- so 
playing a signal derived from the baseband processing 
unit 11; and reference numeral 18 denotes a transmit- 
ter/ireceiver connected to the baseband processing unit. 
[0006] Furthermore. Rg. 8 is a block diagram repre- 
senting, for example, an anrangement of the relaying 55 
apparatus of the conventional portable telephone dis- 
closed in Japanese Unexamined Patent Application No 
8-70262. 



[0007] In Rg. 8. reference numeral 1 7 shows a sat- 
eflite system antenna/radio frequency unit; reference 
numeral 18 is a sateDite system antenna; reference 
numeral 19 indicates a radio frequency unit; and refer- 
ence numeral 20 shows an interface. Also, reference 
numeral 21 denotes a repeater connected to the satel- 
lite system antenna/radio frequency unit 17; reference 
numeral 22 indicates an interface; reference numeral 23 
represents a frequency converting unit; and reference 
numeral 24 denotes an interface. Furthermore, refer- 
ence ruimeral 25 shows a ground system antennaAadio 
frequency unit connected to the repeater 21 ; reference 
numeral 26 denotes a ground system antenna; refer- 
ence numeral 27 represents a radio frequency unit; and 
reference numeral 28 shows an interfece. 
[0008] Next, a description will now be made of oper- 
ations of the conventional mobile communication sys- 
tem equipped with the portable telephone and tfie 
relaying apparatus thereof. A single portable telephone 
which may be employed in both a mobile communica- 
tion system of a ground system and another mobile 
communication system of a satellite system, namely a 
so-called "dual mode portable telephone** is required to 
be operable in the mobile communication systems in 
both of the ground system and the satellite system. 
[0009] Generally specking, in a ground communica- 
tion system and a satellite communication system, radio 
interfaces, for instance, transmission/reception frequen- 
des, modulating/demodulating methods, information 
transfer speeds and the like are different from each 
other. 

[0010] As a result, in a dual mode portable tele- 
phone, two sets of antennas and radio frequency units 
are provided which are operable with respect to tiie 
ground communication system and tiie satellite commu- 
nication system Also, as indicated in Rg. 6, the ground 
system antenna/radio frequency unit 1 and the satellite 
system antenna/radio frequency unit 3 are used in the 
replacement manner. 

[001 1] In the conventional apparatus of Rg. 6, when 
the portable telephone Is used In the ground communi- 
cation system, the ground system antenna/radio fre- 
quency unit 1 1s connected to the radio control unit 5 so 
as to use tfiis portat)le telephone. When tiie portable tel- 
ephone is used in the satellite communication system, 
the satellite system aiitenna/Mio frequency unit 3 is 
connected to the radio control unit 5 so as to use this 
portable telephone. 

[0012] Rg. 7 is a block diagram for showing a 
detaOed anrangement in the case that the ground sys- 
tem antenna/radio frequency unit 1 is connected to the 
radio control unit 5. A reception electromagnetic wave 
frrni the ground communication system Is received by 
tiie antenna 7. and then is converted Into an IF signal Iv 
the radio frequency unit 8. 

[001 3] This IF signal is supplied via the interiaces 2 
and 6 and tiie receiving IF circuit 9 to the demodulator 
10 so as to be demodulated. This denrodulation signal 
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is converted into a speech signal by the baset3and 
processing unit 11. and then the speech signal is sup- 
plied to the trar^mitterAeceiver 16. 
[0014] Conversely, another speech signal entered 
from the transmitterA'eceiver 16 is processed by the 
baseband processing unit 11. and thereafter the proc- 
essed speech signal is modulated by the modulator 12. 
This modulation signal is converted into a transmitting 
IF signal by the transmitting IF circuit 13. and then this 
transmitting IF signal is supplied via the interlaces 6 and 
2 to the fEUlio frequency unit 8. 
[001 5] In the radio frequency unit 8. the transmitting 
IF signal is converted into a transmit signal having a fre- 
quency fitted to the radio intaface of the ground com- 
munication system. Then, this transmit signal is 
transmitted from the antenna 7. 
[001 6] In the ground communication system, as the 
radio frequency, for example, frequencies in a 900 MHz 
band are employed. The radio frequency unit 8 has a 
function to convert the frequencies in the 900 MHz band 
into IF frequencies. 

[001 7] On the other hand, in the case that the port- 
able telephone is used in the satellite communication 
system, the satellite system antenna/radio frequency 
unit 3 is connected to the interface 6 of the radio control 
unit 5 instead of the ground system antenna/radio fre- 
quency unit 1. 

[001 8] Also, an internal arrangement of the satellite 
system antennaAadio frequency unit is similar to that of 
the ground system antennaAadio frequency unit 1. In 
this case, the radio frequency unit 3 owns such a func- 
tion to convert frequencies used in the satellite commu- 
nication system, for instance, frequencies in 1.6 GHz 
and 2 GHz bands into IF frequaicies. 
[0019] Generally speaking, since the modulating 
systems, the information transfer speeds, and the proto- 
col are different from each other in the ground commu- 
nication system and the satellite communication 
system, these items should be switched. As a conse- 
quence, a demodulation control signal "a" and a modu- 
lation control signal V are sent from any one of the 
ground system antenna/radio frequency unit 1 or the 
satellite system antenna/radfo frequency unit 3 to the 
demodulator 10. the modulator 12, and the baseband 
processing unit 11 employed in the radio control unit 5. 
and thus these items are properly switched. 
[0020] A demodulation control signal "a" and a 
modulation control signal "b" are outputted from any 
one of a ground system or a satellite system 
antenna/radio frequency unit. That is. the denKxiulation 
control signal "a" and the modulation control signal "b". 
which con-espond to the ground communication system, 
are outputted from the ground system antenna/radio 
frequency unit 1 . whereas the demodulation control sig- 
nal "a" and the modulation control signal T)". whfch cor- 
respond to the satellite communication systm. are 
outputted from the satellite system antenna/radio fre- 
quency unit 3. 



[0021 ] In a dual mode portable telephone, there are 
many possibifities that a ground conrvnunication system 
is used in a place where this ground communication 
system is available, whereas a satellite communication 

5 system is used in a place where the ground communi- 
cation system is not available. However, as to the satel- 
lite system, the portable tele]:^one cannot be 
independently utilized in a basement and an Indoor 
area, where the satellites cannot be directly observed. 

10 Therefore, it is conceivable that the satellite relaying 
apparatus as shown in Rg. 8 is used. 
[0022] In such a case that the portable telephone is 
used in the place where the ground communication sys- 
tem cannot be utilized and furthennore In an indoor 

15 area where the satellites cannot be directly observed, 
this satellite relaying apparatus is installed at a window 
through which the satellites can observe in order that 
the satellite communication system can be used in the 
indoor area. 

20 [0023] In this case, as the portable tel^hone,whae 
the ground system antenna/iradio frequency unit 1 Is 
connected to the radio control unit 5. this portable tele- 
phone is operated as the ground communication sys- 
tem. On the other hand, a reception signal from the 

25 satellite communication system is received by the satel- 
lite system antenna 18 of the satellite relaying appara- 
tus to be converted into an IF signal by the radio 
frequency unit 19. 

[0024] This IF signal is irputted via the interlaces 
30 20 arKJ 22 into the frequency converting unit 23. After 
the frequency of this IF signal is converted, the IF signal 
having the proper frequency is entered via the inter- 
faces 24 and 28 to the ground system antennaAadio fre- 
quency unit 25. 
35 [9025] In this ground system antenna/radio fre- 
quency unit 25. the frequency-converted IF signal is 
again converted by the radio frequency unit 27 into the 
radio frequency of the ground communication system, 
and thereafter this IF signal having the radio frequency 
40 of the grourti communication system Is transmitted 
from the antenna 26. 

[0026] The electromagnetic wave of this ground 
communication system is received by the ground sys- 
tem antenna 7 of the portable telephone, and the recep- 

45 tion signal from the satellite is oonrectly received by the 
portat)le telephone. The transmission signal firom the 
portable telephone is penetrated through a signal path 
opposite to the atx>ve-described signal path, so that the 
correct communication can be carried out between the 

so satellite and the portable telephone. 

[0027] The above-described mobile communication 
system owns a problem. That is. in the case that the sat- 
ellite communication system is utilized in the indoor 
area by using the relaying apparatus, if the user tries to 

55 directly use the satellite communication system, then 
the user ntust replace the ground system antenna/iradio 
frequency unit 1 by the satellite system antenna/iradio 
frequency unit 3 in order to use the portable telephone. 
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[0028] Also, the conventional mobile communica- 
tion system owns another prot^lem. That is. in such a 
case tM the radio interface such as the modulating 
system of the ground communication system is different 
from that of the satellite communication system, the 
relaying apparatus does not merely perfbmn the fre- 
quency converting operation, kxit must convert the mod- 
ulating systems. 

[0029] The present invention has t>een made to 
solve the above-explained problems, and therefore, has 
an object to accomplish a mobile communication sys- 
tem equif^sed with a portable telephone capable of 
automaticaily switching a ground communication sys- 
tem and a satellite communication system without 
replacing antenna/radio frequency unrt& 
[0030] Also, the present invention has been made 
to solve the above-described problems, and therefore, 
has an object to accomplish a mobile communication 
system equipped with a relaying apparatus of a portaUe 
telephone capable of utilizing a sateOite communication 
system in an indoor area with employment of a simple 
arrcuigement 

Disclosure of the Invention 

[0031] A mobile communication system, according 
to the present invention, is compr^ed of: a portable tel- 
, ephone useable for automatically switching a ground 
communication system and a satellite communication 
system, in which in such a case that white the ground 
satellite system is not available in a place where a satel- 
lite of the satellite communication system cannot 
obsen^e. an radio interfece of the ground satellite sys- 
tem is diff^ent from a radio interface of the satellite 
communication system, a signal process operation is 
switched in such a manner that an RF signal is proc- 
essed by the ground communication system, and both 
in IF signal and a baseband signal are processed by the 
satellite communicatbn system; and a relaying appara- 
tus for performing a converting operation of the RF sig- 
nal in the satellite communication system and the RF 
signal In the ground communication system. 
[0032] Also, in the mobile communication system 
according to the present invention, the above-described 
portable telephone Is comprised of: a commonly-used 
antenna for transmitting/receiving the signal of the 
ground communication system and also the signal of 
the sateHite communication system; a duplexer con- 
nected to the commonly-used antenna for duplexing 
transmission/reception signals; a first switch for switch- 
ing an output of the commonly-used antenna; a sateinte 
system receiving radio frequency unit connected to the 
first switch; a ground system receiving radio frequency 
unit connected to the first switch: a second switch con- 
nected to tiie satellite system receiving radio frequency 
unit and to the ground system receiving radio frequency 
unit; a receiving IF circuit connected to tine second 
switch; a demodulator for demodulating an output of the 



receiving IF circuit: a baseband processing unit into 
which the demodulation output of the demodulator is 
entered; a modulator for modulating an output of the 
baset>and processing unit; a transmitting IF circuit con- 

5 nected to the modulator; a synthesizer for supplying a 
local sigr»l to tiie receiving. IF drcult and the transmit- 
ting IF circuit; a tiiird switch connected to the transmit- 
. ting IF circuit; 
a satellite system transmitting radio frequency unit con- 

10 nected to the third switch; a ground system transmitting 
radio frequency unit connected to the third switch; a 
fburtii switch connected to the satellite system transmit- 
ting radio frequency unit and tiie ground system trans- 
mitting radio frequency unit, whose output is supplied to 

IS the duplexer; and a CPU for controlling the first, second, 
tfilrd. and fourth switches in the case that while the 
ground satellite system is not available in the place 
where the satellite of the satellite comnujnication sys- 
tem cannot observe, the radio Interface of the ground 

so communication system is different from the radio inter- 
face of the satellite communication system, in such a 
manner that the ground system receiving radio fre- 
quency unit is connected to the ground system transmit- 
ting radio frequency unit in response to a first control 

25 signal; tiie synthesizer produces a local signal suitably 
used to convert tiie ground system RF signal, into an IF 
signal in response to a second control signal; and the 
demodulator and the modulator are controlled so as to 
be operable by tiie modulating/demodulating methods 

30 of the satellite communication system in response to a 
third control signal. 

[0033] Also, in the ntobile communication system 
according to tiie present Invention, the above-described 
portable telephone is comprised of: a satellite system 
35 antenna for transmitting/ireceiving a signal of the satel- 
lite communication system; a ground system antenna 
for transmitting/ireceiving a signal of the ground commu- 
nication system; a first duplexer connected to the satel- 
lite system antenna. for duplexing the 
40 transmissionA^eception signal of the satellite communi- 
cation system; a second duplexer connected to the 
ground system antenna, for duplexing tiie transmis- 
sion/k-eception signal of the ground communication sys- 
tem; a satellite system receiving radio frequency unit 
45 connected to the first duplexer; a ground system receiv- 
ing radio frequency unit connected to the second 
duplexer; a first switch connected to the satellite system 
receiving radio frequency unit and to tiie ground system 
receiving radio frequency unit; a receiving IF circuit con- 
so nected to the first switch; a demodidator for demodulat- 
ing an output of the receiving IF circuit; a baseband 
processing unit into which the demodulation output of 
the demodulator is entered; a modulator for nruxlulating 
an output of the baseband processing unit; a transmit- 
55 ting IF circuit connected to the nvxJulator; a synthesizer 
for supplying a local signal to tiie receiving IF circuit and 
tiie transmitting IF circuit; a second switch connected to 
the transmitting IF drcut; a satellite system transmitting 
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radio frequency unit connected to the second switch, 
the output of which Is supplied to the first duplexer; a 
ground system transmitting radto frequency unit con- 
nected to the second switch, the output of which is sup- 
plied to the second duplexer; and a CPU tor controlling 
the f'ffst, second, third, and fourth switches In the case 
that while the ground satellite system is not available in 
the place where the satellite of the satellite communica- 
tion system cannot observe, the radio interface of the 
ground communication system is different from the 
radio Interface of the satellite oomnrunicatton system, in 
such a manner that the first and second switches are 
controlled so as to connect the ground system receiving 
radio frequency unit and the ground system transmitting 
radio frequency unit in response to a first control signal; 
the synthesizer produces a local signal suitably used to 
convert the ground system RF signal into an IF signal in 
response to a second control signal; and the demodula- 
tor and the modulator are controlled so as to be opera- 
ble by the modulating/denuxlulating methods of the 
satellite communication system in response to a third 
control signal. 

[0034] Also, in the mobile communication system 
according to the present invention, the above-described 
portable telephone is comprised of: a commonly-used 
antenna for transmitting/lreoeiving the signal of the 
ground communication system and also the signal of 
the satellite communication system; a duplexer con- 
nected to the commonly-used antenna for duplexing 
transmission/reception signals; a receiving radio fre- 
quency unit connected to the duplexer. capable of com- 
monly processing a reception signal of the ground 
communication system and a reception signal of the 
satellite communication system; a receiving IF circuit 
connected to the receiving radio frequency unit; a 
demodulator for demodulating an output of the receiving 
IF circurt;a baseband processing unit into which the 
demodulation output of the demodulator is entered; a 
modulator for modulating an output of the t>aseband 
processing unit; a transmitting IF circuit connected to 
the modulator; a synthesizer for supplying a local signal 
to the receiving IF cvcult and the transmitting IF circuit; 
a transmitting radio frequency unit connected to the 
transmitting IF circuit, capable of commonly processing 
a transmission signal of the ground communication sys- 
tem and a reception signal of the satellite communica- 
tion system; and a CPU for controlling the first second, 
third, and fourth switches in the xase that whOe the 
ground satellite system is not availat>le in the place 
where the satellite of the satellite communication sys- 
tem cannot observe, the radio interface of the ground 
communication system is cfifforent from the radio inter- 
face of the satellite communication system, in such a 
manner that the ground system receiving radio fre- 
quency unit is connected to the ground system transmit- 
ting radb frequency unit in response to a first control 
signal; the synthesizer produces a local signal suitably 
used to convert the ground system RF signal into an IF 



signal in response to a second control signal; and the 
demodulator and the modulator are controlled so as to 
be operaUe by the modulattng/demodulating methods 
of the satellite communication ^stem in response to a 

5 third control signal. 

[0035] A mobile communicatipn system, according 
to the present invention, is comprised of a portable tele- 
phone including: a commonly-used antenna for trans- 
mittingA'eceiving a signal of a ground communication 

10 system and also a signal of a satellite communication 
system; a duplexer connected to the commonly-used 
antenna for duplexing transmission/reception signals; a 
first switch for switching an output of the commonly- 
used antenna; a satellite system receiving radio fre- 

is quency unit connected to the first switch; a ground sys- 
tem receiving radio frequency unit connected to the first 
switch; a second switch connected to the sateflite sys- 
tem receiving radio frequency unit and to the ground 
system rec^ving radio frequency unit; a receiving IF cir- 

20 cult connected to the second switch; a demodulator for 
demodulating an output of the receiving IF circuit; a 
t^asel^and processing unit into which the demodulation 
output of the demodulator is entered; a modulator for 
modulating an output of the baseband processing unit; 

25 a transmitting IF circuit connected to the modulator; a 
synthesizer for supplying a local signal to the receiving 
IF circuit and the transmitting IF circuit; a tiiird switoh 
connected to the transmitting IF circuit; a satellite sys- 
tem transmitting radio frequency unit connected to the 

30 third switch; a ground system transmitting radio fre- 
quency unit connected to the third switch; a fourth 
switch connected to the satellite system transmitting 
radio frequency unit and the ground system transmitting 
radio frequency unit, whose output is supplied to the 

35 duplexer; and a CPU for controlling tiie first, second, 
third, and fourth switches in the case that while the 
ground satellite system is not available in the place 
where the satellite of the satellite communication sys- 
tem cannot ok>serve. the radio interface of ttie ground 

40 communication system is different from the radio inter- 
face of the satellite communication system, in such a 
manner that the ground system receiving radio fre- 
quency unit is connected to ttie ground system transmit- 
ting radio frequency unit in response to a first control 

45 signal; tine synthesizer produces a local signed suitably 
used to convert the ground system RF signal into an IF 
signal in response to a second control signal; and the 
demodulator and the nKxiulator are controlled so as to 
be operable by the modulatingAdemodulating methods 

so of the satellite communication system in response to a 
third control signal. 

[9036] A mobile oomnrunication system, according 
to the present invention, is comprised of a relaying 
apparatus inducfing: 
55 a satellite system antenna installed in a place where 
while a ground communication system is not available, a 
satellite of a satellite communication system cannot 
observe, for transmitting/^eiving a signal of tiie satet- 
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lite oommunication system; a first duplexer connected to 
the sateilite system antenna for duplexing transmis- 
sion/deception agnals; a lew-noise amplifier for the sat- 
ellite communication system, connected to the first 
duplexer tor amplifying a reception signal; a down con- 
verter connected to the low*noise anrpllf ler tbr the satel- 
lite communication system for converting a frequency of 
a reception signal; a high power amplifier for the ground 
conrtmunlcation system, connected to the down con- 
verter for amplifying the frequency-converted reception 
signal; a second duplexer connected to the high power 
amplifier for the ground oommuntcation system for 
duplexing the transmtssion/ireception signals; a ground 
system antenna connected to the second duplexer, for 
transmitting/ireceiving the signal of the ground commu- 
nication system; a low-noise anplifier for the ground 
communication system, connected to the second 
duplexer for amplifying the transmission signal; an up 
converter connected to the low-noise amplifier for the 
ground communication system for converting a fre- 
quency of the transmission signal; and a high power 
amplifier for the satellite communication system, con- 
nected to the ig) converter for amplifying the frequency- 
converted transmission signal. 

Brief Description of the Drawinns 

,[0037] 

Rg. 1 is a block diagram for showing an arrange- 
ment of a portable telephone of a mobile communi- 
cation system according to a f irst embodiment of 
the present invention. 

Rg. 2 is a diagram for representing an arrangement 
of a relaying apparatus of the mobile communica- 
tion system according to the first embodiment of the 
present invention. 

Rg. 3 is a flow chart for describing operations of the 
portable telephone according to the first embodi- 
ment of the present invention. 
Rg. 4 Is a block diagram for indicating an anrange- 
ment of a portable telephone of a mobile communi- 
cation system according to a second embodiment 
of the present invention. 

Rg. 5 is a block diagram for indicating an anange- 
ment of a portable telephone of a mobile conrununi- 
cation system according to a third embodiment of 
the present invention. 

Rg. 6 is a diagram for showing the arrangement of 
the portable telephone of the conventional mobile 
communication system. 

Rg. 7 IS a block diagram for representing an 
an^angement of the ground system antenna/iradio 
frequency unit of the conventional portable tele- 
phone. 

Rg. 8 is a diagram for showing the arrangement of 
the relaying apparatus of the conventional mobile 
communication system. 



Best Mode for Carrying out the Invention 

[00381 Now. a description will be made for various 
embodiments according to the present invention with 
5 reference to the drawings. 

EMBODIMENT 1 

[0039] Referring now to drawings, a mobfle convnu- 

10 nication system equipped with a portable telephone and 
a relaying apparatus thereof, according to a first embod* 
iment of the present invention, will be explained. Rg. 1 
is a block diagram for representing an arrangement of 
the portable telephone according to the first embodi- 

15 ment of the present Invention. It should be noted that 
the same reference numerals shown in the respective 
drawings indicate the same, or sinrtilar elements. 
[P040] In Rg. 1, reference numeral 29 shows an 
antenna commonly used 16r the ground communication 

20 system and the satellite oommunication system; refer- 
ence numeral 30 indicates a duplexer (DIP) connected 
to the commonly-used antenna 29; reference numeral 
31 represents a first switeh (SW) for switching an output 
of the duplexer 30; and reference numeral 32 indicates 

25 a satellite system receiving radio frequency unit con- 
nected to the first switch 31 . Also, reference numeral 33 
shows a ground system receiving radio frequency unit 
similarly connected to the first switch 31; reference 
numeral 34 Indicates a second switoh (SW) connected 

30 to the satellite system receiving radio frequency unit 32 
and to the ground system receiving radio frequency unit 
33; reference numeral 35 represents a receiving IF cir- 
cuit connected to the second switch 34; reference 
numeral 10 shows a demodulator connected to the 

35 received IF circuit 35; and reference numeral 11 
denotes a baseband processing unit into which the out- 
put of the demodulator 10 is entered. Furthermore, ref- 
erence numeral 14 shows a keytoard connected to the 
baseband processing unit 11; reference numeral 15 

40 represents a display unit lor displaying the signal 
derived from the baseband processing unit 11 ; and ref- 
erence numeral 16 is a transmitter/receiver connected 
to the baseband processing unit 1 1. 
[0041] Also, in Rg. 1, reference numeral 12 is a 

45 modulator into which the output of the baseband 
processing unit 11 is entered; reference numeral 36 
shows a tran^itting IF circuit connected to the modula- 
tor 12; reference numeral 37 represents a synthesizer 
for supplying a local signal to the receiving IF circuit 35 

so and the transmitting IF circuit 36; reference numeral 38 
is a third switch (SW) connected to the transmitting IF 
drcuit 36; and reference numeral 39 shows a satellite 
system transmit radio frequency unit connected to the 
third switoh 38. Furthermore, reference numeral 40 indi- 

55 cates a ground system transmitting radio frequency unit 
connected to the third switch 38; reference numeral 41 
denotes a fourth switch (SW) connected to the satellite 
system transmitting radio frequency unit 39 and the 
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groumJ system transmitting radio frequency unit 40; and 
reference numeraf 42 is a CPU for controlling the 
ground communication system and the satellite commu- 
nication system. 

[0042] Fig. 2 is a diagram for representing an 
arrangement of a relaying apparatus of the mobile oonv 
munication system according to the first embodiment of 
the present Invention. 

[0043] In Fig. 2, reference numeral 18 shows a sat- 
ellite system antenna; reference numeral 43 represents 
a first duplexer (DIP), connected to the satellite system 
antenna 18; reference numeral 44 denotes a satellite 
system low-noise amplifier connected to the first 
duplexer 43; reference numeral 45 indicates a down- 
converter (D/C) connected to the satellite system low- 
noise amplifier 44; and reference numeral 48 is a 
ground system high-power amplifier connected to the 
down-converter 45. Also, reference numeral 47 shows a 
second duplexer (DIP) connected to the high-power 
amplifier 46; reference numeral 26 represents a ground 
system antenna connected to the second duplexer 47; 
reference numeral 48 Indicates a ground system low- 
noise amplifier connected to the second duplexer 47; 
reference numeral 49 indicates an up-converter(ll/C). 
and reference numeral 50 represents a satellite system 
high-power amplifier connected to the up-converter 49. 
[0044] Refening now to the drawvings. operations of 
the portatsle telephone and the relaying apparatus 
thereof employed in the mobile communication system 
according to the first embodiment will be described. Fig. 
3 is a flow chart for desalbing operations of the CPU 
employed in the portable telephone according to the 
first emt)odiment of the present Invention. 
[0045] First, the operations of the keyboard 14. the 
display unit 15. the transmitter/receiver 16, and the 
baseband processing unit 1 1 of the portable telephone 
shown in Fig. 1 are similar to those of the prior art. 
[0046] In the case that the portable telephone is 
used In the ground communication system, a signal of 
the ground communication system which is received by 
the commonly-used antenna 29 Is entered via the 
duplexer 30 to the first switch 31 . 
[0047] The first switch 31 is connected to the 
ground system receiving radio frequency unit 33 in 
response to a control signal "e** issued from the CPU 42. 
so that the signal of the ground communication system 
is supplied to the second switch 34. AIsq, the second 
switch 34 Is controlled so as to select the ground system 
receiving radio frequency unit 33 in response to the con- 
trol signal "e** sent from the CPU 42, so that an output 
signal from the second switch 34 Is supplied to the 
receiving IF circuit 35. 

[0048] In the receiving IF circuit 35. a reception sig- 
nal which has t>een converted into an IF frequency band 
based on the local signal supplied from the synthesizer 
37 is demodulated by the demodulator 10. and th^ the 
demodulated signal is sent to the baseband processing 
unit 11. 



[0049] In this case, the frequency of the local signal 
supplied from the synthesizer 37 is set to such a fre- 
quency suitable to convert the RF signal frequency 
band of the ground communication system into the (F 
5 signal in response to a control signal "d" supplied from 
the CPU 42. 

[0050] Also, the demodulator 10 is controlled in 
response to another control signal *'c' issued from the 
CPU 42 in su^ a nanner that the demodulating system 

10 and the information transfer speed of this demodulator 
10 are suitably set to demodulate the signal of thje 
ground communication system. 
[Q051] On the other hand, also in the transmission 
system, the modulator 12 is controlled in response to 

rs the control signal *c' issued from the CPU 42 in such a 
manner that the modulating system and the information 
transfer speed of this modulator 12 are suitably set to 
nxxiulate the signal of the ground comnuinication sys- 
tem. 

20 [9052] The output signal from the modulator 12 is 
converted into an RF signal band of the ground system 
by the transmitting IF circuit 36, arKi then this RF signal 
is inputted via the third switch 38 to the ground system 
transmitting radio frequency unit 40. 

25 [P053] In this case, similar to the reception system, 
the local signal derived from ttie synthesizer 37. which 
is supplied to the transmitting IF circuit 36. is controlled 
so as to be suitable for tiie ground communication sys- 
tem in response to another control signal "d" sent from 

30 the CPU 42. Also, the third switch 38 is confrolled in 
such a manner that the output signal of the fransmrtting 
IF circuit 36 is connected to the ground system transmit- 
ting radio frequency unit 40 in response to another con- 
frol signal "e" sent from the CPU 42. 

35 [0054] Furthermore, since the fourth switch 41 is 
controlled so as to select the output of the ground sys- 
tem transmitting radio frequency unit 40 In response to 
ttie control signal "e" issued from tiie CPU 42. the out- 
put of ttie ground system transmitting radio frequency 

40 unit 40 Is transmitted via the fourth switch 41, the 
duplexer 30. and the commonly-used antenna 29 to a 
base station of the ground communication system. 
[0055] Next, in such a case ttiat ttie portable tele- 
phone is used in the satellite communication systm. 

45 both of ttie first switch 31 and the second switch 34 are 
controlled in response to ttte control signal "e** sent from 
ttie CPU 42 in such a manner ttiat an RF signal of the 
satellite communication system which has been entered 
via ttie commonly-used antenna 29 and ttie duplexer 30 

so is entered via the satellite system receiving radio fre- 
quency unit 32 to the receiving F drcuit 35. 
[0056] In the receiving IF circuit 35, the RF fre- 
quency band of this RF signal of ttie satellite communi- 
cation system is converted into an IF frequency band in 

55 response to such a local signal suitably selected to con- 
vert the RF signal into the IF signal. Next ttie IF signal 
inputted to ttie demodulator 10 demodulated based 
upon the demodulating system and the information 
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transfer speed suitable for the satellite oommunication 
system. arxJ then the demodulated IF signal is sent to 
the baseband processing unit 1 1 . 
[0057] Also, in the transmitting system, both a mod- 
ulating system and an infomiation transfer speed, which 
are suitable for the satellite communication system, are 
set to the modulator 12 in response to the control signal 
V sent from the CPU 42. In response to the control sig- 
nal V derived fomi the CPU 42, the local signal derived 
from the synthesizer 37 is set to such a frequency suit- 
able tor converting the IF signal into the RF frequency 
band of the satellite communication system. 
[0058] The third switch 38 and the fourth switch 41 
are controlled by the control signal "e" derived from the 
CPU 42 in such a manner that the RF signal supplied 
from the transmitting IF circuit 36 is sent via the satellite 
system transmitting radio frequency unit 39 to the 
duplexer30. 

[0059] In such a place where the ground communi- 
cation system cannot be used, the sateflite communica- 
tion system is used. However, this satellite 
communication system cannot be used in an indoor 
area through which the satellites cannot observe. In the 
case that a satellite portatsle telephone is used in such 
an indoor piece, the satellite relaying apparatus shown 
in Fig. 2 is used. 

[0060] Rrst in the portable telephone shown in Rg. 
. 1. the CPU 42 sets the modulating/demodulating sys- 
tem and the information transfer speed of the satellite 
communication system with respect to the demodulator 
10 and the modulator 12 in response to the control sig- 
nal "c". Also, the CPU 42 sets a local frequency to the 
synthesizer 37 suitable for the conversion of tiie RF fre- 
quency and the IF signal of the ground communication 
system in response to the control signal "d". Further- 
more, the CPU 42 controls both of the fffst switch 31 
and the second switch 34 in such a manner that the 
reception RF signal may pass through the ground sys- 
tem receiving radio frequency unit 33 in response to the 
control signal "e". and also controls the third switch 38 
and the fourth switch 41 In such a manner that the trans- 
mission RF signal may pass through the ground system 
transmitting radio frequency unit 40. 
[0061] The respecting apparatus shown in Rg. 2, 
which is installed in a place such as a window side of a 
house where the satellites can observei receives a 
reception RF signal of the satellite communication sys- 
tem by way of the satellite system antenna 1 a 
[0062] The reception RF signal of the satellite com- 
munication system which is received is supplied via the 
first duplexer 43 to the satellite system low-noise ampli- 
fier 44 so as to be amplified. Then, the amplified RF sig- 
nal is converted by the down-converter 45 into an RF 
signal frequency of the ground communication system. 
[0063] The reception signal which has been con- 
verted into the RF signal frequency of the grourKJ com- 
munication system is amplified by the ground system 
high power amplifier 46, and then the amplified rec^ 



tion signal is transmitted via the second duplex^ 47 
from the ground system antenna 26. 
IP064] Although the signal transmitted from the 
ground system antenna 26 owns the RF signal fre- 

5 quency band of the ground oommunication system, the 
modulating method and the information transfer speed 
thereof correspond to those of the signal for the satellite 
communication system This signal is received by the 
commonly-used antenna 29 of the satellite portable tel- 

10 ephone shown in Rg. 1 to be entered into the receiving 
IF drcuit 35 via the ground system receiving radio fre- 
quency unit 33. 

[0065] Since the local frequency of the synthesizer 
37 is set In such a way that the signal having the RF fre- 

15 quency k^and of the ground communication systen is 
converted into the IF frequency in the receving IF circuit 
35, the signal having the correct IF frequency t>and is 
entered into the demodulator 10. 
[P066] In this case, since the sateirite communica- 

so tion system has been set to the demodulator 10 in 
response to the control signal V, the signal of the sat- 
ellite communication system may be correctly demodu- 
lated. 

[0067] Conversely, the IF signal modulated by the 

29 modulator 1 2 to which the satellite communication sys- 
tem has bee set is converted into the RF frequency 
band signal for the ground communication system in the 
transmitting IF circuit 36. Then, the converted signal is 
transmitted via the ground system transmitting radio fre- 

30 quency unit 40 from the oommonly-used antenna 29. 
[0068] This transmlssfon signal is received by the 
ground system antenna 26 of the relaying apparatus in 
Fig. 2 and then is supplied via the second duplexer 47 to 
ttie ground system low-noise amplifier 48. Thereafter. 

35 the amplified signal is converted into the RF frequency 
band of the sateOite communication system by the up- 
converter 49. 

[0069] The transmission signal which has been fre- 
quency-converted into the RF frequency band of the 

40 satellite communication system is amplified by tiie sat- 
eOite system high-power amplifier 50. and tiiereafter the 
amplified agnal is transmitted via tiie first duplexer 43 
and the satellite system antenna 18 to a satellite. 
[0070] These control sequential operations by tiie 

45 CPU 42 are shown in Rg. 3. That is. at step 100. the 
CPU 42 controls the ground oommunication system to 
set ttie radio frequency unit the synthesizer, and the 
modulator/demodulator (modem). 
[0071] Next at steps 101 to 102. when tiie CPU 42 

so detecte a synchronized word of tiie ground communica- 
tion system, this CPU 42 is operated in the ground oom- 
munication system. 

[0072] Next at step 103. when the synchronized 
word of the ground communication system is not 
55 detected, the CPU 42 control tiie satellite communica- 
tion system to set the radto frequency unit tiie synthe- 
sizer, and tiie modulator/demodulator. 
[0073] Next at steps 104 to 105. wh&i ttie CPU 42 



BNStXMiD: <BP p996241Al_L> 



15 



EP0996'241 A1 ' 



16 



detects a synchronized word of the satelfite communi- 
cation system which Is different from the synchronized 
word of the ground communication system, the CPU 42 
is operated in the satellite communication system. 
[0074] Next, at step 106. when the CPU 42 does 
not detect the synchronized wofd of the satellite com- 
munication system, the CPU 42 controls the ground 
communication system to set the radio frequency unit 
and the synthesizer, and controls the sateflite communi- 
cation system to set the modulator/demodulator. 
[0075] Sut>sequently. at steps 107 to 108. when the 
synchronized word of the satellite communication is 
detected, the CPU 42 is operated In the satellite repeat- 
ing system. It should be noted that in this case, even 
when the CPU 42 judges " synchronized word of the 
satellite communication system* identical to that of the 
step 104, since the condition defined at the previous 
step is different from that of the step 104. the CPU 42 
can mal<e a discrimination. 

[0076] Then, when the CPU 42 does not detect the 
sync word of the satel&te communication system, the 
process operation is retumed to the step 100. 

EMBODIMENT 2 

[0077] A portable telephone of a mobile communi- 
cation system according to a second embodiment of the 
present invention will now be explained with reference 
to a drawing. Rg. 4 is a block diagram tor indicating an 
anangement of the portable telephone accorcfing to the 
second embodiment of the present invention. 
[0078] In the portable telephone according to tiie 
above<lescribed first embodiment, while tiie com- 
monly-used antenna 29 which can be commonly used 
in the ground communication system and in the satellite 
communication system is employed, the satellite sys- 
tem receiving radio frequency unit 32 and the ground 
system receiving radio frequency unit 33. as well as the 
satellite system transmitting radio frequency unit 39 and 
the ground system transmitting radio frequency unit 40. 
are switched by way of the switch. To the contrary, in the 
portable telephone according to this second emtxxJi- 
ment of the present invention, as shown in Rg. 4. a sat- 
ellite system antenna and a ground system antenna are 
separately provided, which may achieve a similar effect 
to tfiat of the above-de8crS>ed first embodiment 
[0079] In Fig. 4. reference numeral 1 8 shows a sat- 
ellite system antenna; reference numeral 26 Indicates a 
ground system antenna; reference numeral 51 denotes 
a first duplexer (DIP) connected to tiie satellite system 
antenna 18; reference numeral 52 represents a second 
duple3«r (DIP) connected to the ground system antenna 
26; reference numeral 32 indicates a satellite system 
receiving radio frequency unit connected to the first 
duplexer 51. Also, reference numeral 33 shows a 
ground system receiving radio frequency unit con- 
nected to the second duplexer 52; reference numeral 34 
indicates a second switch (SW) connected to the satel- 



fite system receiving radio frequency unit 32 and the 
ground system receiving radio frequency unit 33; refer- 
ence numeral 35 represents a receiving IF circuit con- 
nected to the second switch 34; reference numeral 10 

5 shows a demodulator connected to the received IF cir- 
cuit 35; and reference numeral 1 1 denotes a baseband 
processing unit into which the output of tiie demodulator 
is entered. Furttiermore. reference numeral 14 shows a . 
keyboard connected to tiie baseband processing unit 

10 11; reference numeral 15 represents.a display unit for 
displaying the signal derived from the baseband 
processing unit 1 1 ; and reference numeral 16 is a trans- 
mitter/receiver connected to the baset)and processing 
urtitll. 

IS [0080] Also, in the drawing, reference numeral 1 2 is 
a modulator Into which the output of the baseband 
processing unit 11 is entered; reference numeral 36 
shows a transmitting IF circuit connected to the modula- 
tor 12; reference numeral 37 represents a synthesizer 
for supplying a local signal to the receiving IF circuit 35 
and tiie transmitting IF circuit 36; Reference numeral 38 
is a third switch (SW) connected to the transmitting IF 
circuit 36; and reference numeral 39 shows a satellite 
system transmit radio frequency unit connected to the 
third switch 38. Furthermore, reference numeral 40 indi- 
cates a ground system transmitting radio frequency unit 
connected to the third switch 38; and reference numeral 
42 is a CPU for controlling tiie ground communication 
system and the satellite communication system 

EMBODIMENT 3 

[0081] A portable telephone of a mobile communi- 
cation system according to a tiiird emtxxliment of the 
present invention will now be explained with reference 
to a drawing. Rg. 5 is a block diagrams fbr indicating an 
arrangement of tiie portable telephone according to the 
tiiird embodiment of the present invention. 
[0082] In the portable telephone according to the 
above-described first embodiment while the com- 
monly-used antenna 29 which can be commonly used 
in the ground communication system and the satellite 
comnunication system is employed, the satellite sys- 
tem receiving radio frequency unit 32 and the ground 
system receiving radio frequency unK 33. as well as ttie 
satellite system transmitting radio frequency unit 39 and 
tiie groufKj system transmitting radio frequency unit 40. 
are switched by way of the switch. As represented in 
Rg. 5. in tiie portable telephone according to this third 
emk3odiment of the present invention, a receiving radio 
frequency unit and a transmitting radio frequency unit 
which can commonly process signals in botti the satel- 
lite communication system and the ground communica- 
tion system are provided. A switch for switching tiie 
satellite communication system and the ground conunu- 
nication system is no longer required. Also, the portable 
telephone can be operated without receiving ttie control 
signal V supplied from ttie CPU, which may achieve a 
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similar effect to that of the abcve-descrit>ed first emtxxi- 
Iment. 

[0083] In Rg. 5. reference numeral 29 shows an 
antenna commonly used fdr the ground communication 
system and the satellite communication system; refer- s 
ence numeral 53 indicates a duplexer (DIP) connected 
to the commonly-used antenna 29; and reference 
numeral 54 indicates a receiving radio frequency unit 
connected to the duplexer 53. Also, reference numeral 
35 represents a receiving IF circuit connected to the io 
receiving radio frequency unit 54; reference numeral 10 
shows a demodulate connected to the received IF or- 
curt 35; and reference numeral 1 1 denotes a baseband 
processing unit into which the output of thedemodulator 
is entered. Furthermore, reference numeral 1 4 shows a is 
keyboard connected to the baseband processing unit 
1 1 ; reference numeral 15 represents a display unit for 
di^laying the agnal derived from the baseband 
processing unit 11 ; and reference numeral 1 6 is a trans- 
mitter/receiver connected to the baseband processing 20 
unit 11. 

[0084] Also, in the drawing, reference numeral 12 is 
a modulator into which the output of the t)aseband 
processing unit 11 is entered; reference numeral 36 
shows a transmitting IF circuit connected to the module- 2S 
tor 12: ref^ence numeral 37 represents a synthesizer 
for supplying a local signal to the receiving IF circuit 35 
^ and the transmitting IF circuit 36; reference numeral 55 
indicates a transmitting radio frequency unit connected 
to the transmitting IF circuit 36; and reference numeral 30 
42 is a CPU for controlling the ground communication 
system and the satellite communication system. 
[0085] In this case, both tiie receiving radio fre- 
quency unit 54 and the transmitting radio frequency 55 
are set to be operable in a broad band containing, fbr 3S 
example. 900 MHz and 2 QHz bands, and also are 
tuned to 2 frequency bands of the 900 MHz band and 
also to the 2 GHz band in order that these radio fre- 
quency units are operable botii in the ground communi- 
cation system and in the satellite communication 40 
system. 

Possibility of Utilization in Industrial Field 

[0086] As previously explained, the mobile commu- 45 
nication system, accorcfing to the present invention, is 
comprised of: the portable telephone useable for auto- 
matically switching the ground communication system 
and tfie satellite communication system, in which in 
such a case that while the ground satellite system is not so 
available in the place %vhere the satellite of the satellite 
communication system cannot observe, the radio Inter- 
nee of the ground satellite system is differ^ from the 
radio interface of the satellite comntunication system, 
the signal process operation is switched in such a man- 55 
ner that the RF signal is processed by the ground com- 
munication system, and both of the IF signal and the 
baseband signal are processed by the satellite commu- 



nication system; and the relaying apparatus fbr perfonn- 
ing the converting (deration of the RF agr^l in the 
satellite communication system and the RF signal in tiie 
satellite communication system. As a consequence, 
tiiere are such effects that the ground communication 
system and the satellite communication system can be 
automatically switched to be operable witfiout replacing 
the antennaAadio frequency units. Also, when the satel- 
lite communication system is used in the indoor area, 
tiie structure of the relaying apparatus can be simplffied. 
[0087] Also, as previously described, the mobile 
communication systm, according to the present inven- 
tion, is anranged by such that the portable telephone 
including: the commonly-used antenna for transmit- 
ting/receiving the ^gnal of the ground communication 
system and also tiie signal of the satellite communica- 
tion system: the duplexer connected to the commonly- 
used antenna for duplexing transmission/ireception sig- 
nals; tiie first switch for switching the output of the com- 
monly-used antenna: the satellite system receiving 
racfio frequency unit connected to tiie first switch; the 
ground system receiving radio frequency unit con- 
nected to the first switch; the second switch connected 
to tiie satellite system receiving radio frequency unit 
and to the ground system receiving radio frequency 
unit: tiie receiving IF circuit connected to the second 
switch; the demodulator for demodulating tiie output of 
the receiving IF circuit; tiie baseband processing unit 
into which the demodulation output of the demodulator 
is entered: the modulator fbr modulating tiie output of 
the baseband processing unit; the transmitting IF circuit 
connected to tiie modulator; tiie synthesizer fbr supply- 
ing tiie local signal to tiie receiving IF circuit and the 
transmitting IF circuit; the tiiird switch connected to the 
transntitting IF circuit: tiie satellite system transmitting 
radio frequency unit connected to the tiiird switch; ttie 
ground system transmitting radio frequency unit con- 
nected to tiie tiiird switch; tiie fourth switch connected to 
the satellite system transmitting radio frequency unit 
and tiie ground system transmitting radio frequency 
unit whose output Is supplied to the duplexer: and the 
CPU fbr controlling the first, second, third, and fourth 
switches in the case that while the ground satellite sys- 
tem is not available in tiie place where the satellite of the 
satellite communication system cannot obsen^e. the 
radio interface of the ground communication system is 
different from tiie radio interface of the satellite commu- 
nication system, in such a manner that tiie grouid sys- 
tem receiving radio frequency unit is connected to the 
ground system transmittuig radio frequency unit in 
response to the first control signal: the synthesizer pro- 
duces tiie local signal suitably used to convert the 
ground system RF signal into tiie IF signal in response 
to tiie second control signal: and the denuxiulator and 
the modulator are controlled so as to be operable by tiie 
modulating/demodulating metiiods of the satellite com- 
munication system in response to tiie third control sig- 
nal. As a result, tiiere is such the effect tiiat tiie ground 
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communication system and the satellite communication 
system can be automatically switched to be operable 
without replacing the antenna/radio frequency units. 
[0088] Also, as previously descrft>ed, the mobile 
communication system, according to the present Inven- s 
tion. is arranged by such that the portable telephone 
including: the satellite system antenna for transmit- 
ting/receiving the signal of the satellite communication 
system: the ground system antenna for transmit- 
ting/ireceiving the signal of the ground communication io 
system; the first duplexer connected to the satellite sys- 
tem ant^na for duplexing the transmission/reception 
signal of the satellite communication system; the sec- 
ond duplexer connected to the ground system antenna 
for duplexing the transmission/ireception signal of the 75 
ground communication system; the satellite system 
receiving radio frequency unit connected to the first 
duplexer; the ground system receiving radio frequency 
unit connected to the second duplexer; the first switch 
connected to tiie satellite system receiving radio fre- 20 
quency unit and to the ground system receiving radio 
frequency unit; the receiving IF drcuit connected to the 
first switch; the demodulator for demodulating the out- 
put of the receiving IF circuit; the basebaixJ processing 
unit into which the demodulation output of tiie demodu- 2S 
lator is entered; the modulator for modulat^g the output 
of tiie baseband processing unit; the transmitting IF dr- 
cuit connected to the modulator; the synthesizer for 
supplying the local signal to the receiving IF drcuit and 
the transmitting IF circuit; tiie second switch connected 30 
to the transmitting IF drcuit; the satellite system trans- 
mitting radio frequency unit connected to the second 
switch, the output of which is supplied to the first 
duplexer; the ground system transmitting radio fre- 
quency unit connected to the second switch, the output 35 
of which is supplied to the second duplexer; and the 
CPU for controlling the first, second, ttiird, and fourth 
switches in the case that while the ground satellite sys- 
tem is not available in the place where tiie satellite of the 
satellite communication system cannot observe, the 40 
radio interfeoe of the ground communication system is 
different from the radio interfece of the satellite commu- 
nication system, in such a manner that tiie first and sec- 
ond switches are controlled so as to connect tiie ground 
system receiving radio frequency unit and tiie ground 45 
system transmitting radio frequency unit in response to 
the first control signal; the synttiesizer produces the 
local signal suitably used to convert ttie ground system 
RF signal into the IF signal in response to the second 
control signal; and the demodulator and the modulator so 
are controlled so as to be operable by the modulat- 
ing/demodulating methods of the satellite communica- 
tion system in response to the third control signal. As a 
result there is such effects that the ground communica- 
tion system and tiie satellite communication system can ss 
be automatically switched to be operable without replac- 
ing tiie antenna/iradio frequency units. 
[0089] Also, as previously described, the mobile 



Gomnunication system, according to the present inven- 
tion, is arranged by such that tiie portable telephone 
induding: the commonly-used antenna for transmit- 
ting/ireoeiving the signal of the ground communication 
system and also the signal of tiie satellite communica- 
tion system; the duplexer connected to the commonly- 
antenna, for duplexing transmission/ireception sig- 
nals; tiie recQving radio frequency unit connected to the 
duplexer, capable of commonly processing the recep- 
tion signal of the ground communication ^stem and the 
reception signal of the satellite communication system; 
the receiving IF drcuit connected to the receiving radio 
frequency unit; the demodulator for demodulating the 
output of the receiving IF drcuit; tiie baseband process- 
ing unit into which the demodulation output of the 
demodulator is entered; the modulator for modulating 
the output of the baseband processing unit; the trans- 
mitting IF drcuit connected to tiie modulator; tiie syn- 
thesizer for supplying the local signal to tiie receiving IF 
drcuit and the transmitting IF drcuit; the transmitting 
radio frequency unit connected to the transnvtting IF dr- 
cuit capable of commonly processing the transmission 
signal of tiie ground communication system and the 
rec^tion signal of the satellite communication system 
and to tiie output of which is supplied to the duplexer; 
and the CPU for controlling tiie first, second, third, and 
fourth switches in the case ttiat wNle the ground satel- 
lite system is not available in tiie place where the satel- 
lite of tiie satellite communication system cannot 
observe, the radio interface of the ground communica- 
tion system Is different from the radio interface of tfie 
satellite communication system, in such a manner tiiat 
the ground system receiving radio frequency unit is con- 
nected to tiie ground system transmitting radio fre- 
quency unit in response to tiie first control signal; tite 
synthesizer produces the local sigial suitably used to 
convert the ground system RF signal into tiie IF signal In 
response to the second control signal; and the demodu- 
lator and the modulator are controlled so as to be oper- 
able t>y the modulating/demodulating methods of the 
satellite communication system in response to tiie third 
control signal As a result there is such tiie effect tiiat 
the ground communication system and the satellite 
communication system can be automatically switched 
to be operable without repladng the antennaAadIo fre- 
quency units. 

[POSO] Also, as previously described, the mobile 
communication system, according to tiie present inven- 
tion, is comprised of: tiie portak>le telephone including: 
the commonly-used antenna for transmittingA-eceiving 
the signal of tiie ground communication system and 
also the signal of the satellite communication system; 
tiie duplexer connected to the commonly-used antenna 
for duplexing transmission/reception signals: tiie first 
switch for switching tiie output of the duplexer; the satel- 
lite system receiving radio frequency unit connected to 
the first switch; the ground system receiving radio fre- 
quency unit connected to tiie first switch; the second 
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suvitch connected to the satellite system receiving radio 
frequency unit and to the ground system receiving radio 
frequency unit; the receiving IF circuit connected to the 
second svvitch; the demodulator for demodulating the 
output of the receiving IF circuit; the baseband pnxess- 
ing unit into which the demodulation output of the 
demodulator Is entered; the modulator for modulating 
the output of the baset)and processing unit; the trans- 
mitting IF circuit connected to the modulator; the syn- 
thesizer tor supplying the local signal to the receiving IF 
circuit and the transmitting IF circuit; the third switch 
connected to the transmitting IF circuit; the satellite sys^ 
tern transmitting radio frequency unit connected to the 
third switch; the ground system transmitting radio fre- 
quency unit connected to the third switch; the fourth 
switch connected to the satellite system transmitting 
radio frequency unit and the ground system transmitting 
radio frequency unit, whose output is supplied to the 
duplexer; and the CPU for controlling the first, second, 
third, and fourth switches in the case that while the 
ground satellite system is not available in the place 
where the satellite of the satellite communication sys- 
tem cannot observe, the radio interface of the ground 
communication system is different from the radio inter- 
face of the satellite communication system, in such a 
nfumner that the ground system receiving radio fre- 
quency unit is connected to the ground system transmit- 
, ting radio frequency unit in response to the first control 
signal; the synthesizer produces the local signal suita- 
bly used to convert the ground system RF signal into the 
IF signal in rasponse to the second control signal; and 
the demodulator and the modulator are controlled so as 
to be operable by the modulatingAJemodulating meth- 
ods of the satellite communication system in response 
to the third control signal. As a result, there is such the 
effect that the ground communication system and the 
satellite communication system can be automatically 
switched to be operable without replacing the 
antenna/radio frequency units. 
[0091] Also, as previously described, the mobile 
commurticatlon system, according to tfie present inven- 
tion, s arranged by comprising the relaying apparatus 
including: the satellite system antenna installed in the 
place where while the ground communication system Is 
not available, ttie satellite of the satellite communication 
system cannot observe, for transnntting/lreceiving the 
signal of the satellite communication system; the first 
duplexer connected to ttie satellite system antenna, for 
duplexing transmission/ireception signals; the low-noise 
amplifier for the satellite communication system, con- 
nected to the first duplexer for amplifying the reception 
signal; the down converter connected to tiie low-noise 
amplifier for the satellite communication system, for 
converting a frequency of ttie reception signal; ttie high 
power amplifier for ttte ground communication system, 
connected to the down converter for amplifying the fre- 
quency-converted reception signal; the second 
duplexer connected to ttie high power amplifier for the 



ground communication system, tor duplexing the trans^ 
mission/ireception signal; ttie ground system antenna 
connected to ttie second duplexer. for transmit- 
ting/receiving ttie signal of ttie ground communication 

5 system; the low-noise ampfif ier for the ground communi- 
cation system, connected to ttie second duplexer. for 
amplifying the transmission signal; the up converter 
connected to ttie low-noise amplifier for ttie ground 
communication system, for converting a frequency of 

10 the transmission signal; and the high power amplifier for 
ttie satellite communication system, connected to the 
up converter, for amplifying the frequency-converted 
transmission signal. As a consequence, there are such 
' effects tiiat when the satellite communication system is 

75 used in the indoor area, ttie structure of the relaying 
apparatus can be simplified. 

Claims 

20 1 . A mobile communication system comprismg: 

a portable telephone useable for automatically 
switching a ground communication ^tem and 
a satelfite communication system, in which in 

2S such a case that while said ground satellite 

system is not available in a place where a sat- 
ellite of said satellite communication system 
cannot observe, an radio interface of said 
ground satellite system is different from a radio 

30 interface of said satellite communication sys- 

tem, a signal process operation is switehed in 
such a manner tiiat an RF signal is processed 
by said ground communication system, and 
botti of an IF signal and a baseband signal are 

35 processed by said satellite communication sys- 

tem; and 

a relaying apparatus for performing a convert- 
ing operation of ttie RF signal in ttie satellite 
communication s^&n and the RF signal in ttie 
40 satellite communication system. 

2. A mobile communication system as claimed in 
Claim 1 whereim"* 

45 said portable telephone includes: 

a commonly-used antenna for transmit- 
ting/ireceiving ttie signal of said ground commu- 
nication system and also the signal of said 
satellite communication system; 

50 a duplexer connected to said commonly-used 

antenna, fdr duplexing transmission/reception 
signals; 

a first switch for switching an output of said 
duplexer; 

55 a sateaito system receiving radio frequency 

unit connected to said first switch; 
a ground system receiving radio frequency unit 
connected to said first switch; 
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a second switch connected to said satenite sys- 
tem recaving radio frequency unit and to said 
ground system receiving radio frequency unit: 
a receiving IF circuit connected to said second 
switch; 5 
a demodulator for demodulating an output of 
said receiving IF circuit; 
a baseband processing unit into whic^ the 
demodulation output of said demodulator is 
entered; to 
a modulator for modulating an output of said 
baseband processing unit; 
a transmitting IF circuit connected to said mod- 
ulator; 

a synthesizer tor supplying a local signal to is 
said receiving IF circuit and to said transmitting 
IF circuit; 

a third switch connected to said transmitting IF 
circuit; 

a satellite system transmitting radio frequency so 
unit connected to said third switch; 
a ground system transmitting radio frequency 
unit connected to said third switch; 
a fourth switch connected to said satellite sys- 
tem transmitting radio frequency unit and to 2S 
said ground system transmitting radio fre- 
quency unit whose output is supplied to said 
duplexer; and 

a CPU for controlling said first, second, third, 
and fourth smtohes in the case that while said 30 
ground satellite system is not available at said 
place where the satellite of said satellite com- 
munication system cannot ot>serve. the radio 
intatace of said ground communication system 
is different from the radio interfece of said sat- as 
ellite communication system, in such a manner 
that the first and second switches are oomrol- 
led so as to connect said ground system 
receiving radio frequency unit and said ground 
system transmitting radio frequency unit in 4o 
response to a first control signal; said synthe- 
sizer produces a local signal suitably used to 
convert said ground system RF signal into an 
IF signal in response to a second control sig- 
nal; and said demodulata and said modulator 4S 
are controlled so as to be operable by the mod- 
ulating/demodulating methods of said satellite 
communication system in response to a third 
control signal. 

so 

3. A mobile communication system as claimed in 
Claim 1 wherein: 

said portable telephone includes: 
a satellite system antenna for transmit- ss 
ting/receiving a signal of said satellHe commu- 
nication system; 

a ground system antenna tor transmit- 



ting/ireceiving a signal of said ground communi- 
cation system; 

a first duplexer connected to said satellite sys- 
tem antenna, for duplexing the transmis- 
sion/reception signal of the satellite 
communication system; 
a second duplexer connected to said ground 
system antenna, for duplexing the transmis- 
sion/reception signal of ttte ground communi- 
cation system; 

a satellite system receiving radio frequency 

unit connected to said first duplexer; 

a ground system receiving radio frequency unit 

connected to said second duplexer; 

a first switch connected to said satellite system 

rec&ving radio frequency unit and to said 

ground system receiving radio frequency unit; 

a receiving IF circuit connected to said fbrst 

switch; 

a demodulator for demodulating an output of 

said receiving IF drcuit; 

a baset>and processing unit into which the 

demodulation output of said demodulator is 

ent^ed; 

a nxxlulator for modulating an output of said 
baseband processing unit; 
a transmitting IF circuit connected to said mod- 
ulator; 

a synthesizer for supplying a local signal to 
said receiving IF circuit and said transmitting IF 
circuit; 

a second switeh connected to said transmitting 
IF drouit; 

a satellite system transmitting radio frequency 
unit connected to said second switch, the out- 
put of which is suppTted to said first duplexer; 
a ground system transmitting radio frequency 
unit connected to said second switch, the out- 
put of which is supplied to said second 
duplexer; and 

a CPU for controllirig said first, second, tiiird, 
and fourth switches in the case ttiat while said 
ground satellite system is not avallat>le at said 
place where ttie satellite of said satellite com- 
nunication system cannot observe, the radio 
interface of said ground communicalion system 
is different from the radio interface of said sat- 
ellite communication system, in such a manner 
that the first and second switohes are control- 
led so as to connect said ground system 
receiving radio frequency unit and said ground 
system transmitting radio frequency unit in 
response to a first control signal; said synthe- 
sizer produces a local signal suitably used to 
convert said ground system RF signal into an 
IF signal in response to a second control sig- 
nal; and said demodulator and said modulator 
are oontrolled so as to be operable by the mod- 
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ulating/demodulaling methods of said satellite 
communication system in response to a third 
control signal. 

4. A mobile communication system as claimed in 5 
Claim 1 wherein: 

said portat>le telephone includes: 
a commonly-used antenna- for transmit- 
ting/receiving, the signal of said ground conv io 
munication system and also the signal of said 
satellite communication system; 
a duplexer connected to said commonlynised 
antenna, for duplexing transmissionA-eoeption 
signals; rs 
a receiving radio frequency unit connected to 
said duplexer, capable of commonly process- 
ing a reception signal of said ground communi- 
cation system and a reception signal of said 
satellite communication system; so 
a receiving IF circuit connected to said receiv- 
ing radio frequency unit; 
a demodulator for demodulating an output of 
said receiving IF circuit; 

a baseband processing unit into which the 2S 
demodulation output of said demodulator is 
entered; 

a modulator for modulating an output of said 

baseband processing unit; 

a transmitting IF circuit connected to said mod- 30 

ulator; 

a synthesizer for supplying a local signal to 
said receiving IF circuit and said transmitting IF 
circuit; 

a transmitting radio frequency unit connected 3S 
to said transnrvtting IF circuit, capable of com- 
monly processing a transmission signal of said 
ground communication system and a reception 
signal of said satellite communication system; 
and 40 
a CPU fbr controlling said first second, third, 
and fourth switches in the case that while said 
ground satellite system is not available In a 
place where the satellite of said satellite com- 
munication system cannot observe, the radio 45 
interface of said ground communication system 
is different from the radio interface of said sat- 
ellite communication system, in such a manner 
that said ground system receiving radio fre- 
quency unit is connected to said ground sys- so 
tem transnrtitting radio frequency unit in 
response to a first control signal; said synthe- 
sizer produces a local signal suitably used to 
convert said ground system RF signal into an 
IF signal in r^ponse to a second control sig- ss 
nal; and said denfiodulator and said modulator 
are controlled so as to be operable by the mod- 
ulating/denrtodulating methods of said satellite 



communication system in response to a third 
control sigral. 

5. A mobile communication system conprising: 

a portable telephone including: 
a commonly-used antenna for transmit- 
ting/ireoeiving a signal of a ground communica- 
tion system and also a signal of a satelOte 
communication system; 
a duplexer connected to said commonly-used 
antenna, fbr dupliaxing transmission/ireception 
signals; 

a first switch for switching an output of said 
commonly-used antenna; 
a satellite system receiving radio frequency 
unit connected to said first switch; 
a ground system receiving radio frequency unit 
connected to saM first switch; 
a second switch connected to said satellite sys- 
tem receiving radio frequency unit and to said 
ground system receiving radio frequency unit; 
a receiving IF circuit connected to said second 
switch; 

a demodulator for demodulating an output of 

said receiving IF circuit; 

a baseband processing unit into which the 

demodulation output of said denradulator is 

entered; 

a modulator for modulating an output of said 
baseband processing unit; 
a transmitting IF circuit connected to said mod- 
ulator; 

a synthesizer for supplying a local signal to 
said receiving IF circuit and said transmitting IF 
circuit; 

a third switch connected to said transmitting IF 
circuit; 

a satellite system transmitting radio frequency 
unit connected to said third switch; 
a ground system transmitting radio frequency 
unit connected to said third switch; 
a fourth awitch connected to said satellite sys- 
tem transmitting radio frequency unit and said 
ground system transnvtting radio frequency 
unit, whose output is supplied to said duplexer; 
and 

a. CPU for controlling said first, second, third, 
and fourth switches in the case that while said 
ground satellite system is not available at said 
place where the satelfite of said satellite com- 
munication system cannot observe, the radio 
interface of said ground communication system 
is different from the radio interface of said sat- 
ellite communication sy^em. in such a manner 
that said ground system receiving radio fre- 
quency unit is connected to said ground sys- 
tem transmitting radio frequency unit in 
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response to a first control signal; said synthe- 
sizer produces a local signal suitably used to 
convert said ground system RF signal into an 
IF signal in response to a second control sig- 
nal; and said demodulator and said modulator $ 
are controlled so as to be operak)le by the mod- 
ulating/demodulating methods of said satellite 
communication system in response to a third 
control signal. 

10 

A mobiie communication system comprising: 

a relaying apparatus including: 
a satellite system antenna installed in a place 
where while a ground communication system is is 
not available, a satellite of a satellite communt- 
cation system cannot observe, for transmit- 
ting/receiving a signal of said satellite 
communication system; 

a first duplexer connected to said satellite sys- so 
tern antenna, for duplexing transmlssion/irecep- 
tion signals; 

a low-noise amplifier for the satellite communi- 
cation system, connected to said first 6up\exQt, 
for amplifying a reception signal: 2S 
a down converter connected to the low-noise 
amplifier for the satellite communication sys- 
tem, for converting a frequency of a reception 
signal; 

a high power amplifier for the ground communi- ao 
cation system, connected to said down con- 
verter, for amplifying said frequency^converted 
reception signal: 

a second duplexer connected to said high 
power amplifier for the ground communication 3s 
system, for duplexing the transmission/ireGep- 
tion signals: 

a ground system antenna connected to said 
second duplexer. for transmitting/receiving said 
signal of the ground communication system; 40 
a low-noise amplifier fbr the ground communi- 
cation system, connected to said second 
duplexer. fbr amplifying the transmission sig- 
nal; 

an up converter connected to said low-noise 4S 
amplifier for the ground communication sys- 
tem, for converting a frequency of the transmis- 
sion signal; and 

a high power anplif ier for the satellite commu- 
nication system, connected to said up con- so 
verter. for ampHfytng said frequency-converted 
transmission signal. 
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